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INTRODUCTION 
In this paper, we present a method which allows classifying objects on the basis of the 
analysis of the acoustic response to an impact, with the fmal objective being the quality control 
in a tile manufacturing company. 
STRIKING AND MEASURING DEVICE 
The point of impact, the striking force, the stand and the position of the tile on the 
striking device influence the acoustic signal picked up by a microphone. We let a small steel 
ball fall held by an elastic, so that it only touches the tile once (Fig. 1 ). If we always release the 
ball at the same height, the striking force will be constant. 
TESTED PRODUCTS 
We used tiles of two different geometrical forms for our tests: the storm tile n044 and the 
half-round tile n0401. These are non-glazed clay tiles (Fig.2). 
For our tests, the manufacturer sent a batch of half round tiles nO 401 composed of 99 good 
tiles and 683 bad tiles and another batch of storm tiles n044 composed of 95 good tiles and 749 
bad tiles. 
Free hanging ball 
Fig 1. The striking device. 
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Fig.2. The half-round tile n0401 and the storm tile n044. 
PARAMETERS TO CHARACTERIZE THE ACOUSTIC EMISSION 
We can imagine an infmite number of parameters to characterize the acoustic emission. 
For the application of tile control, we have selected the parameters described below. We could 
choose other parameters and exploit them following the described methodical approach. 
- Average intensity of temporal signal (in decibels) (parameter name : !NT) 
The intensity of the signal being proportional to the square root of the pressure, the average 
intensity during a length of time Ildt (.M = time interval between two successive points of our 
signal) is given by the following formU~la ~+ 1 J 
LPi2 
!NT = 10 logl ~ 
nAt 
-Damping of the temporal signal (parameter name: DAMP) 
The rapidity of the dissipation of energy can thus be estimated by the slope of the envelope of 
the temporal signal conventionally characterized by (P2 - PI)/Pl as indicated in the figure 3 : 
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Fig.3. 
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50 I msec 
The damping of the temporal signal. 
Conventional limit 
Fun amental Frequency 
Fig 4. Frequency of the fundamental (parameter name: FUND). 
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Fig 5. Hannonic character detennined by the variability of the partials. 
- Frequency of the fundamental (parameter name: FUND) 
The fundamental is for us, by agreement, the frequency of the first significative maximum of 
the amplitude spectrum. On the axis of the frequencies, we look at the position of the first 
peak situated above a limit (Fig.4). 
- Amplitudes of the partials (parameter name: PART) 
The sense of hearing is sensitive to the presence and the type of the peaks in the frequency 
diagram (the "hannonic character" of the signal). The criteria chosen to detennine the 
variability of the partials will be the variance of the distribution of the maxima of Fourier's 
transfonn which gives an evaluation of the "hannonic character" (Fig.5). 
- Surface of Fourier's transfonn above a limited curve 
The number of "peaks" as well as their importance can be determined by the surface of the 
amplitude spectrum situated above a well chosen curve. This curve should follow the general 
fonn of Fourier's transfonn and be situated above the average of the latter (average calculated 
for the frequency band studied) in such a way that only the "true partials" (those with 
sufficient amplitude) are permitted to go beyond it. On the other hand, they must not be located 
too high so they won't become a risky criteria. 
amp&luda 
o 5 I kHz 
Fig 6. The staircase function. 
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o 1'11Hz 
Fig 7. The translated linear prediction curve. 
We have imagined the two following solutions: 
-Staircase function (parameter name : STAIR) 
The limit curve is a staircase function in which the ordinate of each landing is equal to the 
average value of the spectrum on this interval. This curve is submitted to a translation towards 
the top. The amplitude of the translation is proportional to the average amplitude in the 
frequency interval. (Fig. 6) . 
- Linear prediction curve i.e. envelope of the frequency distribution curve. (parameter name: 
LP). 
Following the same reasoning, we can use the linear prediction curve, i.e. the envelope curve 
of the amplitude spectrum, with a very weak number of poles. This is multiplied by a 
dilatation factor. We can also carry out a translation in relation to the average of the amplitude 
spectrum on the band of frequency used (Fig. 7). 
DEFINITIONS OF DISTANCE 
Every distance D(a,b) between two points a and b from space RP (Fig.8) is a function 
with a real value such as : 
D(a,b) > 0 for all a:#:b 
D(a,a) = 0 
D(a,b) = D(b,a) for all a,b 
D(a,b) :5 D(a,c)+D(c,b) for all a,b,c 
- The Euclidian distance is defined by 
D(a,b) = (a-b)' Q (a-b) 
where the matrix Q, called "metric", is symmetric, defined positive and of order p2. 
-The Mahalanobis distance Dm [1] in which the metric is the variance-covariance matrix of a 
space point determined by a vector a (whose components are the value of the p parameters for 
one particular tile) to a class X composed of n points x in space RP is given by : 
Dm(a,X) = Is I lip { P + (a-m»)' S-I (a-m) } 
where 
- m is the vector "average" of vectors x related to n points of the class X 
- S is the variance-covariance matrix related to class X 
S = { Si,j = 1.. i (xki - mk) (xkj - mk)} 
n k=1 
- xki is the ith component (from p) for the kth point (from n) of the class X in RP 
-The "statistical" distance defined by the following formula: 
Ds(a,X) = (a-m)' S-I (a-m) 
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METIIOD OF CLASSIFICATION OF INDIVIDUAL TILES IN SPACE RP 
Our objective is to be able to classify the tiles with the help of the chosen parameters to 
characterize the acoustic emission at the moment of impact of a hammer. In other words, 
knowing the different classes which an individual tile can belong to (good or defective 
product, for example), we wish to determine, with the help of a "distance", the closest class to 
attribute him to. The classification problem always has two phases: 
-The first is a learning phase. Knowing beforehand the different classes to which the 
individual tiles that we want to classify can belong to, we must establish a model representing 
as well as possible these different groups with the help of a limited number of samples. This is 
established once and for all by " learning" the values that the parameters take for a certain 
number of objects in each class. Thus for each class, we have a "cloud" of points in space RP 
of the parameters, which we call the "distributions" (Fig.8). 
-The second phase consists of finding the class to which an object of an unknown class 
belongs. We defme the similitude between an object and a class as the inverse of the distance 
between this object and the cloud of points that form the class. Thus, the class in which we 
class the object, is that for which its distance is the smallest. The place of the points situated at 
equal distance in relation to two classes is called the place of indifference. It consists of a 
point, a line or a surface according to whether the objects are characterized by one, two, or 
several parameters. The objects belonging to this place are indifferent to the adherence to one 
class or another. The places of indifference are determined by the intersection of the places of 
equidistance, that is to say the places of the points situated at equal distance in relation to a 
group. 
CHOICE OF CLASSES 
The division of space Rp into different classes is not always trivial. 
We consider that a class is well chosen independentlty of the others if it presents itself as a 
unity of small dispersion centered around an average one. Therefore, we consider that a group 
is quite distinct if the distributions are far enough away. 
- Classes and Super-classes 
We have just explained that the ideal class would be a class dispersed very little and distant 
from the others. Thus, if we have a widely dispersed class, it is perhaps preferable to divide it 
into several classes of small dispersion, even if these classes are not very distant. Likewise, if 
we deal with several classes (of different localization in the parameter space) that we want to 
regroup in the same category, we realize that we lose information and increase the dispersion if 
we simply assemble them in the same class. 
Fig. 8. 
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Space RP of the distributions of the different tile classes. 
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For this reason, we have created the "Super-classes": these are the classes which 
include several classes. The distance of an object in relation to a super-class is the 
distance of this object to the closest of the classes which compose the super-class 
(instead of taking the distance in relation to the whole). 
- Particular case : a predominant class 
In the application of the quality control of the tiles, we have a predominant class: the non-
defective tiles. The other classes are numerous and badly defined. Also, the tile manufacturers 
want to limit the risk of rejecting good tiles (remember that 98 to 98.5% of the tiles produced 
are considered good).Thus, the problem is the following: having an object X, we want to 
know if it belongs to the predominant class, at the same time being sure that the risk of error is 
inferior to a value that we fix. 
It is the same approach as a hypothesis test: we suppose that our object belongs to 
the predominant class and we see if this hypothesis is probable, that is to say if the object 
is close enough to this class. It is the distance which will allow us to take a decision in the 
test. We have chosen statistical and Mahalanobis distances. Now the hypothesis test with 
the first or the second distance is identical because the only variable term is 
(x-m)' I-I (x-m) 
where m and L are respectively the average and the variance-covariance matrix of the 
predominant class to which we want to test the adherence of an object, m and L are to be 
known and exact. 
We can show (Mahalanobis 1970 [1]) that if we suppose that the objects X of the class follow 
the multivariate normal law at p variables, of average m and of variance-covariance matrix S, 
then the variable "distance" follows a X2 probability law with p freedom degree 
Thus, we reject all objects which are situated outside the surface of equidistances which 
defines the part of space Rp where we accept that the tiles are good. This method allows us to 
reject only a percentage ex of the objects belonging to this class. 
PARAMETER PERFORMANCES CHARACTERIZING ACOUSTIC EMISSION 
Having described the method of classification of an individual tile in space Rp, we are 
going to apply it to space Rl to evaluate the performances of the parameters chosen to 
characterize the acoustic emission. We have divided the defective tiles into several classes that 
we have regrouped in a super-class. 
The following table gives us the percentage of success of recognition of each isolated 
parameter in each super-class (good-bad) by using the general classification method ( which 
consists of attributing the object to the "closest" class). These results are obtained with the 
Mahalanobis distance and tiles n0401. 
We can see that each of these parameters lets us differentiate rather well the "good" and the 
"bad". 
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Table 1. Percentage of success in identification with the parameters taken 
separately. 
Parameter Name Good Bad 
INT 92% 99% 
DAMP 84% 97% 
STAIR 75% 92% 
LP 46% 94% 
PART 87% 86% 
FUND 77% 75% 
COMPARISON BETWEEN "COMMON CLASS" AND "SUPER-CLASS" GLOBAL 
PERFORMANCES 
In this paragraph, we will simultaneously present the results obtained on both types of 
tiles (n044 and n040l) with both methods of classification, general method or acceptance 
interval. 
The rejection of good tiles being more detrimental to the enterprise than the acceptance of 
defective tiles, we will use Mahalanobis's distance for the general method because it has a 
tendency to priviledge classification in the classes of weak: variance (which is the case of good 
tiles). The parameters used are 4 of the 5 parameters mentioned above i.e. INT, DAMP, 
STAIR and FUND. The results presented in tables 2 and 3, are obtained by striking the center 
of the tiles.This spot permits us to recognize the majority of the defects. For the acceptance 
interval, we will fix the risk of first kind (risk of rejecting zero good tiles) at 1 %. 
Table 2. Percentage of success in quality control of tiles nO 401. 
I Tiles n0401 I 
Classes Codes Number of Tiles Percentage of Correct Identification 
Tested of the Class or the Superclass. 
General Method 1 Acceptance (Mahalanobis) Interval Method 
Good class 99 98,99 98,99 
Bad class A 41 97,56 92,68 
Bad class B 15 93,33 86,67 
Bad class C 19 100,00 100,00 
Bad class D 80 100,00 97,50 
Bad class E 58 100,00 100,00 
Bad classF 42 80,95 76,19 
Bad class G 38 86,84 73,68 
Bad classH 9 100,00 100,00 
Bad class I 21 100,00 100,00 
Bad class J 48 100,00 100,00 
Bad class K 11 100,00 100,00 
BadclassL 6 66,66 66,66 
Bad class M 10 60,00 70,00 
Super-class A to M 398 96,96 91,65 
Table 3. Percentage of success in quality control of the tiles nO 44 
I Tiles nU 44 I 
Classes Codes Number of Tiles Percentage of Correct Identification of 
Tested the Class or the Superclass. 
General Method I Acceptance (Mahalanobis) Interval Method 
Good class 95 98,94 97,89 
Bad class N 80 88,75 85,00 
Bad class 0 16 75,00 75,00 
Bad classP 11 54,54 54,54 
Bad class Q 5 60,00 60,00 
Bad class R 23 100,00 100,00 
Bad class S 8 100,00 87,50 
Bad class T 52 92,30 90,40 
Bad class U 48 97,91 95,80 
Bad class V 55 100,00 100,00 
Bad class W 7 54,14 72,70 
Bad class X 6 100,00 100,00 
Super-class N to X 398 92,57 91,86 
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DIFFICULTIES STILL NOT RESOLVED RELATED TO TIIE INSTALLATION OF THIS 
TEC~QUEINTIIEFACTORY 
It is necessary to conceive a striking device applicable in industry which assures a great 
reproduc~bility of the striking force and of the localization of the impact on the tile. 
The conception and realization of such a striking device is not a simple matter. 
Laboratory tests were carried out in a silent ambience, whereas in a factory, the ambience is 
subject to all kinds of acoustic emissions. 
In the fIrst phase of industrial application of this technique, we must conceive a soundproof 
room adapted to the assembly line. 
Presently, quality control is done by human ear. However, the controllers do a visual control 
at the same time. Part of the defects detected visually don't affect the acoustic response of the 
tile to an impact and thus will not be detected by the acoustic method. 
The implantation of this control technique in a factory can only be justifIed economically 
if we implant at the same time an automatic optical inspection technique so that we can detect 
all kinds of defects without human intervention. 
CONCLUSION 
This paper presents a method of global quality control of an object by the analysis of the 
acoustic response to the impact of a hammer. We show the parameters permitting us to 
characterize the different aspects of the acoustic response such as intensity, the damping and 
the harmonic character of the signal, the value of the fundamental frequency, the envelope 
curve of the frequency-energy distribution (staircase curve and linear prediction curve) etc ... 
A method of statistic analysis is used to experimentally evaluate the pertinence and effIciency 
of each parameter imagined. The control method exploits concomitantly the parameters which 
are chosen for their efficiency and selectivity. This global control technique is applied in the 
laboratory in the practical case of the quality control of baked clay tiles. In the laboratory, by 
applying the principles and the techniques explained above, it is possible to reach a degree of 
selectivity close to that obtained by the human ear. 
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